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of practical aircraft fuselage configurations. Hence, the study isdirected toward predicting the field patterns of electric or magneticcurrent moments which radiate in the near zone of a finite length,perfectly-conducting elliptic cylinder. The method of analysis isbased on the GTD (ray-optical) technique, and it's relevant modifica-tions which are required in the transition regions adjacent to shadowboundaries and caustics wherein the GTD fails. The present GTD methodof analysis leads to simple and accurate results; it is thus an attrac-tive alternative to costly and time-consuming aircraft model measurements.Efficient computer codes are generated for numerical processing of theanalytical results. Additional work is proposed on a problem which hasarisen in the course of the present study and which merits further
attention.
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I. INTRODUCTION

It is well known that the performance of on-aircraft antennas
is very significantly affected by the rest of the aircraft structure.
In most cases, it is the antenna pattern which is affected. Conse-
quently, in the design of antennas for airborne applications, it is
extremely desirable to be able to predict in advance, the structurel
effects. on the patterns of these antennas. Previous work performed
on this subject at the ElectroScience Laboratory was directed toward
studying the effects of aircraft wings and fuselage on the patterns of
"fuselage-mounted" antennas [1-5]. This problem was successfully
analyzed via Keller's geometrical theory of diffraction (GTD) [6],
together with the more accurate arid general ray diffraction coefficients
developed at The Ohio State University [7,8].

The present study extends this earlier work to analyze the radia-
tion from antennas which are mounted off the fuselage, such as from
wing or tail mounted antennas. In these cases, the aircraft fuselage
significantly affects the radiation pattern characteristics, and hence
the system performance. The GTD rethod of analysis is also eriployed
in the present study dealing with off-fuselage antennas; furthermore,
additional extensions and modifications of the GTD are carried out
in this study to describe the fields scattered or diffracted within
the transition regions adjacent to the shadov boUndaries and caustics
of the GTD ray systems. These cxLensions and modifications to the
GTD are required since the GTD is not valid at 0hadow boundaries and
caustics.

In tmie present investigation, the aircraft fuselage is modelled
by a finite length, perfectly-conducting elliptic cylinder; the
elliptic cylinder geometry allows for variat4: ns in the fuselage
cross-sections so as to provide a best fit for d variety of actual
aircraft fuselage shapes. The source which excites the finite
length elliptic cylinder is chosen to be either an electric or
magnetic current moment which is located in the near zone of the
cylinder, but the cylinder itself could be in the far zone of the
source. This choice of source distibution allows for a variety of
antenna types to be incorporated, since the fields of an arbitrary
source i~ay be constructed via a superposition of a set of quantized,
appropriately oriented and weight-d electric end/or magnetic current
moments %.;hich represent the equivalent sources in the aperture
corresponding to an actual antenna. The fields of the source in the
presence of the elliptic cylinder are then analyzed via GTD.

The GTD ray analysis imparts a simple physical picture for the
scattered and diffracted fields in terms of rays i:hich propagate
from the source to the field point after reflectinq and/cr diflrtctiig
from certain localized portions of the scatterer (in,hich is a finite
length elliptic cylinder in the presct case). TIMu,,, the computational
effert for numerically lp-'ocessitiq the analyt.iWal restilts is subst;nti-
ally redced usiij9 this approach to obtain the far field luitlerns.
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The physically illuminating GTD method is not only efficient,
but due to its local ray representation for the scattered and
diffracted fields, it allows for the incorporation of other scattering
effects besides those due to the fuselage, if so desired in the future.
Although the GTD is an asymptotic high frequency method, it works
quite occurately even for moderately high frequencies. Typically,
the GTD can handle structures whose electrical dimensions are all
greater than approximately a wavelength. Even this requirement can
be relaxed in certain cases.

II. TECHNICAL APPROACH

Th2, analysis of the radiation from an electric or magnetic
current moment in the presence of a finite length, perfectly-
conducting elliptic cylinder w,,hose configuration is illustrated
in Fig. 1 is carried out in several steps. First, the scattering
by an infinitely long elliptic cylinder is treated; subsequently,
the scattering by a planar ellipitic disc is considered. The latter
configuration corresponds to the end caps of the finite length
elliptic cylinder; i.e., of the truncated elliptic cylinder of
Fig. I. Thme cases are treated separately since the scattering
mechanisms may be assumed to be di.finct and essentially uncoupled, In
each case, the GTD analysis is folloi'ed by the generation of appropri-
ate and efficient comouter codes for numerical processing of the re-
sults developed in the analysis. The final phase of the solution
involves the proper interfacing of these cormputer codes into a
single one for treating the corlete finite length elliptic cylinder
geometry. These steps will be briefly reviewed.

A. I nfinite ElliRtic Cylinder Analysis

In the infinite elliptic cylinder part of the analysis, the
scattering and dif-Fraction machonisms are represented in terms of
the usual geometrical optics incident and reflected rays tog ether
with the surface diffracted rays (creeping rays) of Keller [6.
The pertinent diffraction and ref ,ectioi coefficients for this problem
are availablc so thaL the analysis in terms of these rays presents no
difficulty away from the shadow boundaries (caused by grazing
incidence on the cylinder).

At and ne ir the shadow boundaries, the GTD ray method fails; it
therefo,,e requires rodification in the transition regions adjacent to
shadow boundaries. This ioaofication of the GTI) is carried out,
and a uniform asynptotic solution is developed such that it remains
valid in the transition re.ions. This soluLion is constructed by
asyptoticcally ,olving the canonical problun of plane wave scattering
by a perfectly-conduc-itg circular cylinder; the results of this
solution ave iaa,:r CX ,Jded tJ the elliptic or variable curvature
cylinders in a systcibtic fashio, via ray-optical coosiderations.

2
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This uniform result yields a finite, continuous variation for the
total field acros-s the shadow boundaries (in contrast to the GTD
solution'which is discontinuous there) within the transition regions;
exterior to the transition regions it reduces to the usual GTD
solution in terms of geometrical optics (incident and reflected)
and surface diffracted rays for the lit and shadow zones,
respectively. The accuracy of this result is confirmed by numerical
comparison with the results obtained via an exact eigenfunction solu-
tion for the circular cylinder case, and with an independent moment
method (MM) solution for the elliptical cylinder case. The results
of this comparison are indicated in Figs. 2 - 4 for circular and
elliptic cylinders excited by line and point sources.

A considerableoount of effort was expended in developing
efficient-computer uodes for numarical processing of these GTD-
transition analysis results; in particular, the computer subroutines
for locating points of surface reflection and diffraction, and
the surface ray paths on the cylinder were developed.

B. Scatter'ing by a Planar Elliptic Disc

The problem of the scattering by a planar, perfectly-conducting
elliptic disc is essential to the analysis of the scattering by the
end caps of the finite length elliptic cylinder (of Fig. 1). Besides
the incident and reflected rays of geometrical optics, there are dif-
fracted rays which are produced via the diffraction of the incident
ray field by the edges of the disc. Since the edge of the disc is
elliptically slaped, there are, in general, four unique points of edge
diffraction wherefrom diffracted rays emanate to the field point.

These points of edge diffraction are ascertained numerically via
a computer subroutine which is based on the law of edge diffraction to
deduce these points. Furthermore, these points of edge diffraction
move around the elliptic rim with change of field point and/or
change in source location. As a result, there are certain locations
of the field point (for a given source point) in %-hose vicinity
three of the four diffracted rays tend to merge into a single ray,
i.e., twn points of diffraction tend to suddenly vanish for this
case.

The latter behavior may be viewed as a pseudo-cAustic effect
since in the absence of proper care in treating th( disappearance
of tWo of the four points, an erroneously large result is obtained
resulting from the m2rger of three of the four points of diffraction
into a single point; in the proper sense, this effect must be viewed
as a disappearance of two points of diffraction rather than a merget,
of three points of diffraction. lhe GTD fails to describe the
transition from a four-diffracted ray to a tuto ray contribution and
hence needs modification. This :odificition Irs bhcen achieved in the
present study through the use of equivalent ri:i curitiiLs which indirectly

4
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Fig. 2(b). Total field surrounding the cylinder of Fig.

2(a). Here, GTD implies the GTD + transition
solution. The incident electric field is
A-directed (acoustic soft case).
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Fig. 2(c). Total field surrounding the cylinder of Fig.
2(a). Here, GTD iwplies the GTD + transition
solution. The incident magnetic field is
z -directed (acoustic hard cdse).
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a 2-D magnetic line source.
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employ the GTD edge diffraction coefficients. These eqaivalent edge
currents are then incorporated in the radiation integrals which yield
a smooth behavior for the field across these pseudo-caustic regions.

Figures 5 - 6 indicate the patterns of current moments which
radiate in the presence of elliptic discs. Some of these results
are compared against corresponding measured values. Indeed, the
agreement between the calculated and measured patterns is very good.
Some slight differences between the calculated and measured patiarns
are due to the fact that an infinitesimal current roment or a point
source representation is used to illuminate the disc; whereas, a
finite length (but electrically short antenna) is employed in measure-
ments.

One of the major problems in this phase of the analysis was to
generate an accurate and a high-speed computer code to locate the
points of edge diffraction; consequently, some new computational
procedures evolved in tackling this problem. Presently, the new
procedure is much faster than the older (but also quite efficient)
computational method for locating the edge diffraction and surface
reflection points.

Another computational difficulty occurred in switching from the
equivalent current to the four point GTD solution which is valid
outside the pseudo-caustic transition region; presently, this
problem has been overcome in an empirical fashion which offers the
necessary information for the switching decision to be made in the
appropriate computer subroutine.

At the tin:e of this writing, the computer codes for the analysis
in parts A and R above have been combined and will be ready for
delivery shortly.

III. CONCLUSIONS

It is seen from this study of the scattering by a finite length,
elliptic cylinder (illuminated by a near-zone source) that one
indeed generates a pattern which has great variations in the illuminated
regions of the source-cylinder conFiruation, and a sudden drop in the
pattern level within the regions deeply shadowed by the cylinder. The
pattern variations in the illuminated region occur mainly from the
interference of the fields of the incident and reflected rays.

The much lower pattern levels in the deep shadow region are accounted
for by the absence of the rjecomtrical optics incident and reflecktd
rays in this region; the fields in the shadow region are entirely
accounted for by the surfece diffracted rays which constitute a weikee
effect in coziparsion with the (qeonitrical optics fields in the flltiiIn-
ated region. Of course, ditfraction efIecs Z'e exti,1111;y iiiipotant
within transition reg ions adjacent Lo tho shadow bomnd-iries; fur iher( ore,
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these transition regions may extend over a significant -angular region
depending on the size of the cylinder and the source location.

Clearly, this study demonstrates the ability to predict cylinder
shadowing effects, and the ripple effects in the pattern due to
reflections off the fuselage for the line of sight (illuminated) region.
If this model is used to analyze airborne antennas, the effects of the
fuselage would probably most seriously affect low gain beacon type
(tail-mounted) aircraft antennas. Also, the location of wing-mounted
antennas can be chosen to minimize unwanted fuselage effects using
our analysis. I

IV. PROPOSED FUTURE WORK

The following items are proposed as an extension to the present
study.

(1) To generate a user-oriented computer code manual which would
allow the user to realize the full potential and capability
of the code in a simple and efficient manner.

(2) To further verify the accuracy of some of the analytical results
via scattering measurements on the finite length circular and
elliptic cylinders.

(3) To look into more efficient ways to decide the switching from
the equivalent current method to the G'ID four point solution
for the rays diffracted from the elliptic edges of the end caps
of the finite length elliptic cylinder. (Sec Section II B dealiig
with pseudo-caustic analysis.) This would involve the development
of a uniform solution which remains valid in the pseudo-caustic
region, but which also reduces to the GTD four point solution
outside this region.

20
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